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S h7>i/X^Nl.N2©*U>K3 7-lC{iSeiC*P' 
>h3 7-Si!SSn/5:Ni!MOS !-7>>>X*X3a*<fe 
0, £K>fcU#£P!!MOS h7>v'X^P3,P4ICj;0VCC 
«!gf]lCffl^^n/i* U-> hS 5-C0A*P31ffillCA* 
U PUMOS h7>"^X^P4Hl^f>J;0)t«^a 
*U y-f^- KSS«8$nfcPS!MOS N5>v f X^P5 
~P8&iIM?iJJg«a!tfcA^|IIK2T§^. iKD&ffilCfg 
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1 

^^©y-M-ft«Sn, iitJ&Sg2©MOS Yy>i>7, 

mwmiitm%.Gbnmmmu msm\zm 
t zwzzmnmti tvttzt &m ttzmn 

©|^*HiMLfclt^<Mlff©*^:JaJ:tf1MX* 
W»-r*CitfcJ:Q. *¥1l£©SS£ffi<h&£ft*Ftt£ 

BR. 

>5>X*©FM'>fcl'bU<tt7-Xfll©MOS h5> 
?X *m*R»K: MJ5 h a-X*«lt* C 

Isfc* *B 1 ett©tflUIEESE£lBlK. 
[»#«4] »1, 352, 83©ftlW«aiMOSh5 

>yx^©v-xsmi©sisicsf»b. ri. «2. 

j&3©y-hiS2©»HPfltilMOS h5>v?X*© 
FK>*ltU *l©*l*«SMOSh?>$>X 
^©HU-f Kft^^nfcM 1 ©85 2$S1! 

MO S h 5 >?Z9Ml*m 2 ©*jlgt ©IHCJH*|6JIZ 
SfKL miBSl©^2«milMOS h^>^x^©y 
-hi?82©SS2i)J«S!MOS h5>>v J X$'©y- h£ 
fflKU jHE*2©»2»*aiMOSh?>i;x*©V 

B»2©»l**fflMOS h?>5?X*©Fl'-f>K:» 
at, ttBJM©J*l**SMOSh?>5>X*©Hl' 
^ >£^*-F««tenfc83©$2*«SMOS F 
7>vX*©FW>-y-Mc«iS!U WE^3©S 
2 SUaSiMO S >97>9 V-ZtW 2 ©«iSlCS^ 
U 3£ICfflffiSg3©Sg2*®£!MOS F7>5>X?y 
-MC. V-X«*2©«ftlCttttLfcJR4©*2*« 
fflMOSh5>yx*©y-hft»ttU 9fliBSg4©S! 
2 2»®2!MOS h9>yx5'FH'>*a*tr*»B 
KMC. ^*-HK!«*nfcMOS h?>?X4r©* 
5iStWSMl/fctt*ftto*aW«M*t. ifflEfl»fc» 

tt&-reiME9l4 g3«©S*|M8JE5£4lflllS. 
[M&86] Ml, »2©JBl»«aMOSh5>^X 

j:9«i&l. MffiM*J8H8Sn&MOSF5>5?X*© 
FH >fflt>L<ttV-Xfll©MOS b7>i?Z9mffi 



(2) #BB¥6-161580 

2 

m**7] rat*j:t^&)B2©*2*«£Mos 

B»*6»2©«|i«tt-e>'-^H*UfcC;4:*f«li 
?S»#«4SE«©£$®£5gai[IIK. 
[11*918] SB l, $2©fSl*ttS!MOSF5>yx 
* *Btift^fc1gS!c©SS 1 g**!MO S h 9 >i>X* i 
fca-Xi5£88T*E»*S«*±tfffl©fi#Ei»*> 
if 65/-;kKl/fcj:t€1«Rtr*l»3WI4B*©app* 

[MtR 9] S4NttEfflftElfeStt*J:tHtoME 
«*65/-;PHbtHi:&«fatfa»*a4|E*©S 

MM* 10] *2©«M&*2©8l*«3MOSF 
5>yx^HW >|H)CiB5©»2*«fflMOS F5> 
yx^««». Ml »^2 «MOSh7>^?y 
-h«&^»t«.@K©a^!CckO, 8WB8I5©8I2 

^ssmos h^^^x^-y-hsww-rscts^a 

20 £T£«*B4iB»©&*P«E§8£[!K. 

UMtfll 1] JRl©j|H»«SlMOSF!»5>X*F 
H , >t^2©^l^S$iMOS F?>S>X3'F1H , > 
i©fffl!CS6©S2«SS!MOS h^i'X^fc&tt. 

t * 4 aB«©£$«E5B£isiK. 

[369i©»<a&IBiJii] 

[000 1] 
50 [0 0 0 2] 

9l*HJ*r©fcaufc«ffi««ttTbT*T^ 
*. twc»UT*ffli6B-r©«a«E*n ; «»t?T*6 

*T**T«r»*. C©J:5ttl*Eia*TB«q»«BE»4 

[0 0 0 3] ft*©g$mE8£tHlB&£0 1 0 fcjRf 
40 (tt&a69-2442179£MD . 01 0(C^fJ;3tC, jR 
1 MK*«YCC*>6^-f *- H*«an&PfflMO S F 
?>5>X*P100,P200SSJ!IfcKtt, PSIMOS N5> 
yx^P200ty7>KCND©M{CNSMOS h7>->*X 
^H100*BMKSttrr«. S2?JIC(4GND^ 5 ^ H 
ft^SnfcNSMOS h5>5?X^H300,N200SifiJ!»Z 
K»j\ NSMOS h?>^X^N200iVCC©WfcPaM 
OS h5>v J X^P300£E?!IICgSigirr5. NfMOSh 
7>^X^N100©y- htNSMOS h7>v J X^N200 

©y-h. HU'f>ftiM(rr*. n©y-F*ttat#p 

5» «EVREF' tft«. PSMOS h5>vX^P300©y- 
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(3) 



#M¥6-16 1580 



mmz. tfxt>*>. wijflottA^y-Hiooft^u 

NSMOS h^^X^NlOOWy-bCAflt&l?, S§ 

i momuzmnts 7^ - my zamfctu 

*©y- hgfc^UfcU P*!MOS h-7>^X^©U* 

VREF' =2*VTNx(l+2*(Wp*Wn/W 2 ) 0 - 5 



*V>«*E©lfi»tt*ra\ ^flS^ftfck'p, NHMO 
Sh9>i>X*©L#VM*feYTN, MUHIWtk'i. P3 
00©y- KSSrWp, N100©y- MSfcliK ffi©M0Sb7 

M*eftft«tt«&. g$SEfflflVREF' ». (SI) 

T-ansns. 

[0004] 

Kiel] 

)+2*(Hp*k'p/W/k'n) 0 - 5 »VTP 



[0 0 0 5] SflS«ffiffl*VREF' «1) -CwU&J: 
3C#*0b9>5?X*©y-mT?W£T*. MOSb 
?>yx*©LSV>**»pi:l,fc*fcfcD. *ig*JEE 

ttig«ffi (VCC) >lg££ip*l£fti;tj (VREF') -VTN+ 
2 *VTP 

t V» 5 &#©!$ C#P«Ettt*YRBF' *t«SimJEVCCfc^ 
[00 0 6] 

hmos byyp^obt^m^M^ -t^xic^o 

*©»ipt«BEi£«ffiCftS-e#-5«*Isi«S©^P«JE« 

B»pftffiS84©»PfcttSPjH. N33£4fflN0Sb7> 

^OfcttttfltftTr*. £©fc© (ftl) *>6*)*>*± 
5C»fi»ttt**«EW*¥MF'*tttT"r*. *©8 
?*®4\zm?. cntt«*liI»€ff«t««U«:«S« 
H*AT»*>*J:5fc2Bafcl*T3. 30V 
aUOOftTMiS. 15Vt, 75S©mS^flslCMU 
TO. 15V, 4. 5XftTtTH*. eroipTSjaK 

ft. 

[000 7] 

[isg£#ft-rsfc»©^&] ±iss8@&»ftf*s:4{) 

*589!B, fiKtt#tt©£fcV>ffi!aiPS!MOS b5>> 

vx^tcfc o*©«««*«ft«an*jE©s**#tt* 
»^j6«iwcpaMos by>y^\z^<omm^n 
itmmm&L, m®mz%mtz^&zmwm 

E t LTttAT* E t if* &©?&£. 
[00 083 

Wffl] -hiBffl^lCctD, g$«BE©i&gEtt#ft£S=j& 

fcm««E**H»t±ntf, «an©fi(PttJ£©eT 



[0009] 

mum *r, *«H©a»«£E«4ia«w)JB i ©* 

[0 0 10] *BKtt**< 2-3©7Dy*J;MlJ*3 
igl tPSMOS b5>^X^C«k0ilriESnfcft^@ 

uxa^-rs. *&, tt*©u*'rsttittt©iE©&g 
ftffttt. «©**K^*aja«EE©ft©tt«is? 

#tt©*»t^av>aPWiffi«ftiBi»*iij*bTv>*. 

s£«Sft8i l tt&tttiK3 t«8W©«EE w<;Hfe**T 
5tlte4<fc0fc5. 

[ooii] sTJtwaiiaroHilftflsfc^nTHift 
MBLfca*&Kfrr*. 0 1 KXf&mzfrfrzM&xm 

■>t>3#£*©£tltlMlMre* 
30 £„ NMMOS h5>^^Nl,N2fc±D*U>h55 
-**M6U C©*W>K59-Hl*llfctt^-f*-H 

jd«antePfflMos h9>5?x^?i«t»ttsnT* 
^©y-brnfiictosiftisnspsiMos h7> 

tansnT^s. *fe. Hw-f >wnimos yv 

^-✓>X^H2©HW>«JfcSf«!SnTVi-6. NSJMOS 
h7>^^Nl,Jf2©*V>h3 7-KttS6.{C*V> 
h3 9HM*3n&NSMOS h5>5?X^M3«»»0. 

cn*«J0BWK3©ffl*ifc*. 
40 [0 0 12] «MEX©«El/^«Xtt1-«iaK4 Bft 
WM3 0HWJ*, PSMOS h9>?X?F3.F4CJ: 

o vccsst«t««sn&* u> b s 7-o\Dnmz 

M)U PSMOS f»7>$>X*P4|«|/'f 

staffs. 

[0 0 13] COIMKfcVvc. 4M0SH9>yx^ 
tlSIUflMd-CilfliS*. NSMOS b5>v ! X^Nl,N2 > 
N3*<tr/PS!MOS h^>i'X^P3 > P4©5 7-Jti£S 
©W^©fcJ6tCl : 1 : 1 1 : 1 iLfctt. 3t 
«SS£iKl©tfl^ IOB (»2) ©J:3C4*.&n5. 
50 [0014] 
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(4) #BB¥6-16 1580 

5 6 

[ft2] 

10 = R- 2 .* ( (1//8 ,) 0 - 5 - (1/15 2 ) 0 5 ) 2 



j3 2 : P§?MO S b 5 > S?* *P2tf>#lf#M 

[0 0 15] SfeA#mgS2e^^-K^tfcPl! *LfcAffi@&©«-&£#&TjLS. *©«£©BipmE 
MOS h5>^X^P5~P8©ifi»Jft^Lfct)©rab 10 ffl^VREFfi (ft3) T#;te>tt3. 
5. [0017] 

[0 0 16] ^iBwiw&afc. y-r*-F«ttL&mc [ft 3] 

VREF- n * ( I0//3 ) 0 5 + n * VTP 

/S : nD|g^lH«)^^)PSMOS h 7 > 9 ©Wftflift 

VTP: P^MOSh7>y*il0>Uflr* #f if 

[0018] (ft2) (ft3) <fcOg*|Miffiffl#VREF© *[0019] 
SS»<t (ft4) ©^tCfc*. [&4] 

VREF= (VHEFO-n * VTPO) / ( « „ < T > * <» 8 m ) + n * a. vtp ( t> * VTPO 



VRF.FO : 25JKT-©£$ 
VTPO : 25Jffir-© P3!!H0Sh5>yx^©Ut V>«&EE«5*Hgl 
«« tT ) i iSJSTSf©}gm«:©«K«S^toTfcft©25R©}gJnii»CW 

a b (ft : fia.TJgT'© PSM OS N 5 V i> 2 * © #J f# % » 5: & T H) 

© 25«© spjfc Aft fC M t & iaa^Bt 
ovTPtD :IIT«T0PIMOS l>5>i/*^i!©l?^fflSES3!t»t 

[0 0 2 0] (ft4) ©SMWPHMOSF^^X* «Cr«>t (ft 5) . (ft6) . (»7) ©.kSlCft*. 

©L/tV>MSBE©«T*-5fc»^©iaaft#tt&»-3T (*5) fc»^5aiott£©*ftfifitft:«»SfflV>*^ 

£0, ft»ft0ftftni9»*V>H£**#<tt*z:4:!Wb fcJ: 0£fc>S. *&, PSMOS \-y>'J7,9<Dm%% 

»lW4PIM0Sh5>5>;i*©*mft*®fi« ft©iiffife#{4{i*-;i^i!iffi©ia«fe#ttlc«J:0[iff 
ft*ttttt*aaJEftft»«©^ft"e*0. tfcliffi 40 «SD (ft 6) iSKfcO, l,ftfr>ftftE«>ftftft#tt 

ffl©Sftn^^>ffi:/h$<a5C:t)0^-5. (»7) ©<k5K&S. 

[0 0 2 1] CZr (»4) ©gft#, PSMOS h7 [0 0 2 2] 

>yx*©«ff«ft0>»*. PfflM0Sh?>3>**© Cft5] 
U*V>ft«aE®*n*ftfcW*«ft0fttra«-JWfi 

1 / aR(T) = 1 + i!RO* ( T — 2 5 ) 
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(5) ftBS¥6-16 1580 

7 8 
[0 0 2 33 * * [»6] 

l/a B <T)=l+4. 93*10 " 3 * (T-25) 



[0 0 24] 



a vtp <T) = VTPO - 2 



0 



* «7] 

* 1 0 



3* (T-25) 



[oo2 5] (»4> ~ (»7> *jbi>t, mm&m 
ijvm<om&&®.mmz& o if^yit Liftoff® 2 

~04T*D, &4©0Tai<.fc/^-*fc£t). 0 
fcKftffiwPSMOSh^^x^waScfciS. 2 

g, 3gfti^Lfcll$£^l/fct>©T*5. 2 5S 

•eC5S«P«EVRBF0tt3. 3 V, PSMOS h?^** 
©L#VMB@JEEVTP0teO. 8 Vibfc. 

[0026] fiflEc*rr*aatit*fl:*oii3j»Hi;Tr* 

oTt>. ftffiODPHMOS h7>v>X*©S»75UK, 

2 a. satiaAsfc^n. HjEfcarrsvup©*** 

tt«'>U 3R*r«jS««Mb»on*«0T*-9T'bft 
©MflMkffttlCfc*. S«C^f5»*ifi^t*aio*» 
4. 0*1 0" 6 deg-'Tii, g^<tLT*'h©n=l(i 

tft>frz>. c©fc&ja«icwrsfij»ift«^aio^ 

4. 0*1 0" 5 deg-'ea!*-5N^xJl/®ft!ftif&ffl^ 

[0 0 2 7] »»*Kl^tt1fctH-^anfc#'J5/U3 
>tttt©«*fc«-f*tttt«6<WaiottO. 43*1 
0" 6 der'SSn?*!). an>a<0. 5*10'' deg"'© 
figtt#fi-£ji-5t. ftffi©PUMOS h5>>>>7,*© 
S»*<2aTttl 0 OS^jfiTVREF^fi+0. 2 Vg 

5, 3g*mVRBF£&-0. 15Vgg£:&9, C©Pb1 

©a»ffis©fl«»ffl^-c#n««fc^;:t*»t>35*s. n 

MOSfflh5>yX^S2fW5i«WLfct>©fc, IS 
©5''f^-H»iKSnfcMOSSb7>> J X^*M^S 

[0 0 2 8] H5C*Jlll*«MOSfflh9>^X^©fi 
WJP5.P6*W!|P7ROIGHDH©ft«fP8©Pa!MOS 
>5?X*©flJ#fRftJtj8L: j3R: 0 40:1:1, 0.938:0.15 
6:1, 0.988:0.06:1, 0.995:0.04:1, 0.999:0. 02: l\Zb 
fc*£©VREF*tt©fl*ft#tt*tWC ± VXtbltify 
2 5gT©aS:£glMH» U*V>««JEttft 
tHUT**. 2Kia?Jffl!/3L©*iJ#$&JtS:*£<3 
ttttKJiifciO. 2Rft*©filMW?tt*»6**fc 
3Sft«f©ia«tt#14fcifi^TH<o:t«tfe*>S. P 
5!M0Sh7>^X^©^J#«aJ± 0L : flR : 0 *» 

0.995 : 0.04 :1 fci^TOgifc&l 5 0S©«fflt 
*^TVREF^tt*i2 0mV«rt©a*TSfift#ft©^ 



[0 0 2 9] J:©J:'5C#'JS'«J3i'tttt*fflV»T. ffi 
S2*litJMHILfc , b©fc» lR©^*- F&lgteft 

[0 0 3 0] MOS h7>^X^N3. P3 

? >-^^^p4©y- bmmiof- Mcswi/cbw 

S h5>vX^P3SI5HMOS h5>^^C±D«lriiS 

a? nfc*«f*E«LTt>n«©«MRjW»6n*. 

[0 0 3 1] *89!©#PS£E8£®»©SI2©!SJ60!I 
ICP^T, 0 6&ffl^T^-rs. m©Syfifi«J©£ffi 
l3K2-C«Pi!MOS h5>yx^©*T*«SnT^ 
**i5S^T«)(8^E^lCt^-XSJlD^fct>©-? 

^*-FJ$$sn;fcPMMOS K?>v>x*2: 

30 -F&$LfcP$!MOS h7>'SX90\M.mm<D®.%-£ 

fr-e-. *©-y-'fX©wss-r4rtfc«fco, tasfe^tt 

ctitio, psmos h5>> ? x^©iia£?'j©ia-& 
&mmwim% z tmmttj.%. 

[0 0 3 2] *ftH©S*«Eft£[9R©1R3©3dM 

% 1 ©^JfiPJ©3tffii5iliS*«^-rSNSMO S h7>i> 

d,N2a~N2dlcaiJESnT*3 0, Nlb~Nld, N2b~N2d©N 
HMOS h7>^^-5-n-?n©Ht"f>ffl]lC«ba- 
XFla~Plc,P2a~F2cri<gS)&;*nTU£. cntt*W> 
b 5 5-S*WEl/rv>4 /- )« 1 ft, /- H 2$J©MO 
S h7>S>X*lMXJt£, tjL-XFla~Flc,F2a~F2 

S«W]0©g«S^TtSJ:5lcUfc'b©T*S. gi*Pr 
/t^/^5^-«Sl>T, t:a-XHJ5>?&b© 

»&©•»}■< xsmu ->xA-i@sii», i@«$7« 

50 ^xA-^Xh^lcS«tl«)xSira*U, s«©t©Tn 
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(6) 

9 

SICfSUT t a-XFla~Plc.P2a~F2c?£JSa MJ3> 
J: DttS*»IOttaM>U *nC(*^S«P«JEVWSF*ip| 

EP#±#-rs. i©J;5C, ta-XF'JS^lCiS 

sajwar/w x-y-r xo^es njtgic-r* c tic £ 

[0 0 3 3] *»M©»**E3B4lBlliSO«4©Sltt« 

m i ©*is^»ssiigiis 3 zmi&tzmmzm sap* 

7 >i>X *P1, P2, Nl, N2IC «fc "9 tl5 @K«> J - 

HBTtt/-FmfcKn«ftK£, PHMOSF5> 
^X*Pl<b#U>F37H$«S*lfcP3!!MOS 
9X9nt* ^*-H«*StlfcNaMOS K9>3> # 

«*J«IXTWav>»*fcttPa!MO S K9 >S>X*P10 

a$nT^-5NS!MOS h5>v ? X^Nl,N2©y-h« 
$£±#$-tt\ Nlh7>^X^*0N!RffiiC-r-5o £© 
Ctlci0 7-Kl©t|E^fiTU PS!MOSh7> 
v'X^Pl^ON-T'Si^lCPSMOS Y^yVTsVn. 
PWlON«Ii&?i. PSMOS F5>^X*P2#ON 

0, /-FUSfl. /- F 2 «©7.f-Frty 50 
5. -#P3?MOS F5>VX*P9#ONfcfc*;:<!:fc: 
<fc0. PSMOS ^7>^X^P10S;^LT/-H2iC 
*ft&tMt»W«±*D. K£®«*I0-C7-f-IWy* 
IMPrsJ:3fc&*. £©<fc5fc> SiS&AliffflX?- 

IW««llttO*fr>*P«iE»4l3»«i3WI'r**. 
[0 0 3 4] #fgE©S$«ffi§8£@B©!g5©&!S0!l 

« 1 ©*JSW©)t«Sit!e3 &#$j£-rs®g&K«iiil&Ali# 

Ait&. 0tf©S«i£IO*«8f£nT*e.T, *«HfD©i* 
fctt, y-Fl©ttttttYCC-VTPfil±. /-P2«>tttt 
ttVTN^T-eabD. ffiflSEYREPttO VTfcS. l©fc 
«>, PSMOS F5>-7X*PllttONttffifcfcl). / 
-Pl#&/-F2'\«»£HfUi*, #U->hS5- 
SiiKStl-CV>SNS!MOS h7>> , X^Nl > N2©y-f> 
Sft&±#3l*\ Nlh5>v ? X^*ON«S8lCl--5. H 
© Z. £ i / - F 1 #6 y - F 2 fcflHft £«t Liitf Z b \Z 
£i);-\*l<»WEtf&Tb, PUMOS yySVZ.* 
PltfONU Se>lCPS!MOS h^>vX^P2^0N« 50 



1$BB¥6-16 1 580 

10 

ffiifc*. £©;:<htcJ:9J£SS8iI3©74-FA , y : 5' 
^-7©*»£I0©gij£;Mt5 C *«U0*< 

suns t / - h i ©m&B<£T t-*m*sffivREPtt± 
n-r-s. ^©fej&mis^E^x/Kx-y-'rxic'bct^^ 

PSMOS F5>i?X:i'P12ttOFFfcl8 l &b<ttOF 
FttBC36^<. PSMOS F^i^P^WiMX 

f i tmmmomzxz 

KWlZZUZZQ, «ffl«E«HT©P«!MOS Fv> 
v'X3'P12^bT«En-5®efi£®^I0KJt^)S< L 

«iSJ9Al$ffl X * - F 7 y XEKSttJi't S H t tc<fc 

^-fia:«««£T»^-rs<i®tt©i«^s«i»fi)i^4 

[0 0 3 5] *5i^©aipSE564[5I!S©m6©*JS^ 

iw^v^T. hi otffl^TSwra. *mmm~?\t> / 

— F 1 StfNSiMOS F7>"i>X*Nlb~Nlc©Fl"f > 
*» e> «v€tt t a -XPla~Plc\ff < SHC F SI 
a, SlbfcJSU tttt#RRtf*©*WE«IC5'-A'FSR« 
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